Article available under the terms of the CC-BY-NC-ND licence (https://creativecommons.org/licenses/by-nc-nd/4.0/) eprints@whiterose.ac.uk https://eprints.whiterose.ac.uk/ Reuse Unless indicated otherwise, fulltext items are protected by copyright with all rights reserved. The copyright exception in section 29 of the Copyright, Designs and Patents Act 1988 allows the making of a single copy solely for the purpose of non-commercial research or private study within the limits of fair dealing. The publisher or other rights-holder may allow further reproduction and re-use of this version -refer to the White Rose Research Online record for this item. Where records identify the publisher as the copyright holder, users can verify any specific terms of use on the publisher's website.
Introduction

28
Ground granulated blast furnace slag, a by-product of the iron making industry, is one of the 29 main supplementary cementitious materials used in blends for partial replacement of Portland 30 cement. However, the amount of slag that can be incorporated in a Portland blended cement is 31 limited by the slower hydration of the slag, which delays the hardening of these cements.
32
Therefore, in the production of cements solely based on slag without a Portland cement This is a postprint version of an article published in Journal of Nuclear Materials, vol. 468 (2016) , pp. 97-104. The version of record is available at http://dx.doi.org/10.1016/j.jnucmat.2015.11.016 In the context of encapsulation/immobilisation of nuclear wastes, the workability of the cement 116 wasteform material is very important, as this will control its ability to fill the complex shape of 117 the drums used for nuclear waste treatment in the UK, without requiring additional vibration.
118
All the pastes produced in this study were highly fluid during the mixing and casting process,
119
and did not harden within the first 24h after mixing.
This is a postprint version of an article published in Journal of Nuclear Materials, vol. 468 (2016) , pp. 97-104. The version of record is available at http://dx.doi. org/10.1016/j.jnucmat.2015.11.016 5 In order to elucidate when the pastes did harden, isothermal calorimetry experiments were 122 conducted using a TAM Air isothermal calorimeter at a base temperature of 25°C ± 0.02°C.
123
Fresh paste was mixed externally as described above, 25 g was weighed into an ampoule and • X-ray diffraction (XRD) was conducted using a Siemens D5000 instrument (Cu K 1, λ 136 = 1.54178 Å), with a step size of 0.02° and a scanning speed of 0.5°/min.
137
• Thermogravimetric analysis (TGA) was carried out using a Perkin Elmer Pyris 1 TGA.
138
Approximately 40 mg of sample was weighed, placed and heated at 10°C/min in an 139 alumina crucible under a nitrogen atmosphere.
140
• Solid-state 29 Si MAS NMR spectra were collected at 59.56 MHz on a Varian Unity
141
Inova 300 (7.05 T) spectrometer using a probe for 7. activators, where a pre-induction period (first peak) is observed during the first hours of Figure 1B shows that the duration of the induction period is nearly comparable for all the 188 samples, but an increased concentration of the activator is not promoting a faster reaction of 189 the slag, as might be expected. Instead, the use of 10 wt.% and 25 wt.% Na2SO4 solutions gave Figure 1B ) with higher contents of sodium sulfate in the 217 system. A low intensity peak at 11.3° 2 is also observed in these samples, and is assigned to Despite the high Na2SO4 doses used in this study, unreacted Na2SO4 in the forms of mirabilite 232 and thenardite was not identified as a crystalline products in these samples, nor was gypsum 233 formation observed. This indicates that the majority of the sulfate has reacted to form ettringite,
234
and that sufficient Ca and Al have been released by the slag to enable this conversion to be 235 completed, even at the highest dose (25 wt.% solution corresponding to 11.7 g Na2SO4 per 100 236 g slag, Table 2 ). In a previous study by the authors [7] , traces of unreacted Na2SO4 were 237 identified via 23 Na MAS NMR spectroscopy in a mix design corresponding to the 10wt.% 238 Na2SO4 samples studied here, after 6 months of curing. Therefore it is likely that the Na2SO4
239
was not sufficiently crystalline to be identified by XRD, but is also possible that some of the 240 unreacted Na2SO4 was removed during the sample preparation prior testing. The differential thermograms (DTG) of Na2SO4-activated slag samples with various 251 concentration of the activator are shown in Figure 3 . The slightly higher weight loss of the 252 sample with 10wt.% Na2SO4, compared with the paste dosed with a higher Na2SO4 content, is 253 mainly associated with the thermal decomposition of calcite, which was identified in these 254 samples by XRD (Figure 2) , and whose decomposition takes place between 650°C to 850°C
255
[21]. Figure 6 shows the 29 Si MAS NMR spectra of the unreacted slag used, and of 10 wt.% Na2SO4- This is a postprint version of an article published in Journal of Nuclear Materials, vol. 468 (2016) , pp. 97-104. The version of record is available at http://dx.doi.org/10.1016/j.jnucmat.2015.11.016 and aluminium but low sulphur and sodium content compared with the other regions assessed.
379
The main binding matrix, with a medium grey colour, has comparable chemical composition 380 to the unreacted slag, but with additional S and Na corresponding to the contribution of the 381 activator in this region, and with a lower overall density as this material is hydrous and porous.
382
In the dark rim region, there is a significant decrease in the intensity of the calcium, silicon and 
